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SUMMARY
Inorderto investigateheeffectsofwingliftandweighton
landingrgesrloads,droptestsweremadewitha smalllandingearin
theLangleyimpactbasin.Wingliftwassimulatedinthesetestsby
themechanicalapplicationfa constantliftforceto”thetestspeci-
menthroughouteachimpact.Thetestscovereda rangeofdropping
weightsbetween1000and2500pounds,wingliftfactorsbetweenO
and2.0,andverticalcontactvelocitiesbetweenO and12feetper
second.
Theresultsof thisinvestigationshowthevariationsofmsximum
landing-gearload,landing-gearloadfactor,andmaximmnupper-mass
accelerationwithchangesinliftforceanddroppingweightatvarious
verticalcontactvelocities.
INTRODUCTION
.
Althoughlandingearsaregenerallydesignedandproof-testedfor
a specificlandingcondition,theaerodynamicliftforcesandairplane
weightattheinstantof groundcontactmayvaryoveranappreciable
rangeofvalues.Forexample,thespecializedtechniqueoflanding
aircraftaboardnavalcarrierscanresultinvaluesofwingliftat
contactwiththecarrierdeckwhichmaybe appreciablygreateror
smallerthantheweightoftheairplane.In addition,manyof the
moderntacticalmilitaryaircraftandsometransportaircraftmaybe
forcedtomakeemergencyl%ndingsinanoverloadedcondition,inwhich
casethelandingweightmaybe asmuchastwicethevalueof the
minimumlandingweight.Suchlargevariationsinwinglift’andweight
mightbe expectedtohavean appreciableeffecton themagnitudeof.the
msximumloadsdevelopedina landingearduringan impact.Verylittle
information,however,isavailableontheeffectsof thesevariableson
landing-gearloads.
Thepurposeofthisinvestigationisto determinetheeffectsof
wingliftandweightonmaximumlanding-gearloadsby meansofdrop
testsof a smalllandingearintheLangleyimpactbasin.Physical
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simulationfwingliftwasobtainedby themechanicalapplicationf
predeterminedliftforcesto thetestspecimenthroughouteachimpact.
Thetestscovereda rangeof droppingweightsbetween1000and
2500powis, appliedliftforcesbetweenzeroandtwicethevalueof the
droppingweight,andverticalcontactvelocitiesbetweenO and12feet
persecond.
SYMBOLS
‘g maximumlanding-gearload,pounds
g ~avitationalconstant,32.17feetpersecondperseco~d
KL liftfactor;ratioof liftforceto totaldropping
weight
Mc effectivemassof liftmechsmism,1.3 slugs
% landing-gearloadfactor;ratiooftoweightofuppermass
Vv initialverticalcontactvelocity,
o
‘T totaldroppingweight,pounds
Wu weightofuppermass,pounds
maxhmmlanding-gearload
feetpersecond
r
iu ~imum verticalaccelerationfuppermass,feetpersecond
persecond
APPfwmJs
Equipment
Thebasicequipmentusedinthepresentinvestigationisthe
Langleyimpact-basincarriage(references1 and2)whichincorporates
a four-barparallelogramlinkageforeffectingthecontrolleddescent
of thetestspecimen.Theverticalmemberofthelinkagetowhichthe
testspecimenisattachedisreferredto astheboomandisadaptedto
receiveloadingweightsintheformof leadbarsinincrementsof
50pounds,as showninfigure1. Theminimumweightofthedropping
massincludingtestspecimenandinstrumentations1000pounds,which
maybe increasedby theadditionoftheaforementionedleadbarstoa
maximumweightof2500pounds.
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Inorderto simulatewingliftforcesmechanically,thecarriage
incorporatesa liftmechanismwhichisdesignedto applyanydesired
constantliftforceup to2500poundsto thetestspecimenduringan
impact.Theliftforceisappliedto theboomby meansofa cableand
sheavearrangementwhichconnectstheboomtothepistonof a pneumatic
cylinderinsucha mannerthatthepistonisforcedto travelagainst
theairpressureinthecylinderasthemassdescends.Althoughthe
airpressureinthecylinderincreasesw$thpistontravel,theincor-
porationofa :pecialcam-shapedsheaveinthecablesystemresultsin
theapplicationf anessentiallyconstantupwardforcetothedropping
massduringthecourseoftheimpact.Theeffectoftheinertiaof the
liftmechanismunderacceleratedconditionsisequivalenttoan increase
inthetotaldroppingmassof 1.3 slugswithout,however,increasing
theweightof thedroppingmass. Theamuntofliftforceexertedon
thedroppingmassdependsupontheairpressuresuppliedtothecylinder
beforeeachtest.Theverticaliftrodwhichcanbe seenattachedto
thebaseoftheboominfigures1 and2 isoneoftwosuchrodswhich
formthelower-endconnectionf thecablesystem.Varyingtheheight
offreedropoftheboompriortotheengagementofthelift
permitstheattainmentof sinkingspeedsup
second.
TestSpecimen
Thelanding-geartestedwasoriginally
gearfora smallmilitarytrainingairplane
-toapproximately
mechanism
12feetper
designedasa mainlanding
whichhada grossweightof
approximately5000pounds.Thegearisof cantileverconstructiona d
incorporatesanoleoshockstrut.A 27-inch-diameterypeI tireis
fittedtotheaxleofa half-forkyokewhichisattachedtothelower
cylinderof thestrut.
Theshockstrutusedinthesetestshadbeenmodifiedforother
investigationsby removingthemeteringpinandreplacingtheoriginal
orificewithanorificeof smallerdismeter.Thesizeofthesmaller
orificewascalculatedtoproduceapproximatelythesamemaximum
landing-gearloadfactoras intheoriginaldesignata sinkingspeed
of 10feetpersecond.Thedetailsoftheorificeandtheinternal
“arrangementof theshockstrutareshowninfigure2.
Thetotaldroppingmassiscomprisedof theupperor sprungmass
andthelowerorunsprungmass. Theuppermassincludestheouter
cylinderoftheshockstrutandallthedroppingmassabovethecylinder.
Thelowermassconsistsoftheinneror lowercylinder,theshock-strut
fluid,andtheremainingpartsofthelandingearwhichmoverelative
to theuppermasswhentheshockstrutiscompressed.Theweightofthe
lowermasswasconstantat 131pounds.
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Instrumentation
Thepresentinvestigationisbasedprimarilyonmeasurementsof
upper-massaccelerationa dinitialor contactverticalvelocity.
Accelerationmeasurementsof theupper.masswereobtainedbymeansof
anunbendedstrain-gagetypeofaccelerometerhavinga naturalfrequency
of85 cyclespersecond.Theverticalvelocityof thelandingearat
theinstantof groundcontactwasdeterminedlyan impulsetypeof
electromagneticgeneratorconsistingofa permanent.magnetattachedto
theuppermasswhichmovedpasta coilftiedtothecarriage.The
instsmtof tirecontactwasdeterminedby meansof a microswitch
recessedinthelandingplatform.A viewofthelandingearand
instrumentations showninfigure1.
Allinstrumentsproducedan electricaloutputwhichwasrecorded
by anoscillograph.Thegalvanometersweredampedto 65percentof
criticaldampingandhadnaturalfrequenciessuchthattheresponsewas
essentiallyflatup tofrequenciescommensuratewiththemeasuring
instrumentation.
Themeasurementsobtainedarebelievedtobe accuratetowithin
thefollowinglimits:
Liftforce,percent.. . . . . . . . . . . . . . . . . . . . . . .*IO
Upper-massacceleration,g . . . . . . . . . . . . . . . . . . . *0.13
Initialverticalvelocity,feetpersecond. . . . . . . . . . . ~.1
TESTPROCEDURE
Inthepresentinvestigationthecarriage
zontallyandusedinmuchthesamemanneras a
wasrestrainedhori-
conventionaldroptest
machine.Thedroppingmasswasreleasedfroma givenheightand
allowedtofallfreelytoobtainthedesiredverticalcontactvelocity
beforeengagingtheliftmechanism.Themagnitudeoftheliftforce
waspresetby inflatingthepneumaticylinderoftheliftmechanism
to therequiredpressurebeforeeachtest.
.
Thetestsweremadewithdroppingweightsof 1000,1500,2000,
and2500poundsatverticalcontactvelocitiesrmgtig upto u feetper
secondandincludedwingliftfactorsofO,0.50, 0.75, 1.00, 1.25, 1.50,
1.75, snd2.00.Becauseofequipmentlimitations,liftforcesgreater
than2500poundscouldnotbe applied;consequently,thehigherlift
factorscouldnotbe investigatedforthelagerweights.In thefree-
falldropteststheliftmechanismwasdisconnected;hence,therewas
no increaseintheeffectivedroppingmassdueto theinertiaof the
liftmechanismfortheseimpacts.Alltestsweremadewiththestrut
verticalandwithoutwheelprerotation.
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TableI showsthe,testconditionsinvestigatedandgivesexperi-
mentalvaluesofthecontactor initialverticalvelocityVvn andthe
resultingmaximumaccelerationftheuppermass “~u/g.Also-presented
arevaluesof themaximumlanding-gearload F , definedastheforce
fon theuppermass,whichwerecalculatedfrom”he accelerationmeasure-
mentsby meansofthefollowingequation:[);UFg=W ..—+1 -WA + McyuUg
Valuesofthelanding-gearloadfactorng,definedastheratioof Fg
totheweightof the~er mass Wu,arealsogivenintableI. The
weightoftheuppermassisequalto thetotaldroppingweightWT
minustheweightofthelowermasswhich,aspreviouslymentioned,was
131pounds.
ThedatafromtableI arepresentedinfigures3 and4 whichshow
thevsria~ionsof Fg and ng with V , and j?u/gwith V , respec-Vo V.
tively,forconstantvaluesof KL ateachofthefourdroppingweights.
In ordertopermita directcomparisonoftheeffectsof liftforceand
weighton
figures3
and6 and
Fg, ng,and ~u/g at constantvaluesVv , thecurvesof
n
and4 werecross-plotted
againstWT as shownin
againstKL as sh&n infigures5
figures7 to9.
DISCUSSIONOFRESULTS
EffectsofLiftForceonLoads
Thecwvesinfigure5 showthatinthelowerrangeof liftforces
(KL< 1.0)an increas=in KL (orinliftforce)by a-givenamountresults
ina decreasein ng (orin Fg)by roughlythesameemounthroughout
themiddlerangeof Vvo. As a typicalexample,figure5(b),which
presents”ther sultsobtainedintestswithan intermediatew ight
(WT= 2000lb),showsthatan increasein KL fromO to 1.0resultsin
a reductionin ng ofapproximately1.0ata verticalvelocityof
7 feetpersecond.Variationsin KL producesimilarchangesin n
!?fortheotherweightstestedoverthesamerangeof KL and Vvo. he
correspondingvaluesof ~u/g varyonlyslightlyas shownby the
nearlyflatcurvesinfigure6 andby thenarrowbandof datainfig-
ure4. Thiseffectistobe expectedsincea changein KL produces
anoppositechangein ng ofapproximatelythesamemagnitude.
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Atthehighervaluesof V_. forvaluesof KL lesstw 1.()the
curvesof figures5(a)Ud 5(b)showthatchangesin KL areaccompanied
bymuchlargerchangesin ng. h thisregiontheimpactsareof such
severityasto causethetiretobottomorreachitsmaximumpneumatic
deflection.Thesuddenincreaseinthestiffnessofthetirewhentire
bottomingoccurscausesa suddenincreaseintheshock-struttelescoping
velocityand,consequently,a suddenincreaseinthehydraulicresistance
ofthestrutwhichresultsingreatervaluesof ng. Theloadonthe
landingesratwhichtirebottomingoccursisindicatedinthefigures
by thehorizontalMne at9500pounds,whichcorrespondsto theloadon
thetireatwhichthedynamic-loaddeflectioncharacteristicsradically
change.At thehighestvelocitiesandlargestdroppingweightswhere
tirebottomhgmayoccur,therefore,an increaseti KL mayprevent
thetirefrombottominganddevelopingexcessivevaluesof ng. The
effectof KL on ~/g inthetire-bottcmingregionis shownh
figures6(a)and6(b~bytherapiddecreasein ~u/g as KL is
increasedat thehighervaluesof Vvo.
At thelowervaluesof Vvo forvaluesof KL less thm 1.0 ahostj
alltheimpactener~iscomprisedofthepotentialenergyassociated
withthesettlingoftheunbalancedweightto itsstaticposition.An
increaseintheliftfactorinthisregionreducedng by an smount
slightlygreaterthantheincreasein KL as shown,forexample,bythe
curvesinfigure5 forthelimitingcaseof %. equalto zero.
Forthehighervaluesof liftforce(KL> 1.0),thedecreasein ng
isgenerallynotsogreatastheincreasein KL,particularlyinthe
lowerrangeof Vvo,as shown,forexample,bythecurvesinfigure5(d)
whichincludevaluesof KL up to2.0. Thecorrespondingvaluesof
~u/g tithisregionincreasedwith KL as shownby thecurvesinfig-
ure6(d).At thehighestvelocitiesforvaluesof KL greaterthan1.O,
however,thechangein ng againwasapproximatelyequaltothechange
in KL andtheeffectsof changesin KL on ~u/g againbecomequite
small.
EffectsofWeighton Loads
It canbe seenfromfigure7 that Fg increaseswith ~ formost
ofthersngeof %. and KL,aswouldbe expected.However,theincrease
in Fg isnotinthessmeratioastheticreasein WT. Forexample,
b figure7(a)at Vvo equalto 7 feetpersecond,anincreasein WT
—
—
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from1000to2000poundsor an increasein WT by a factorof2 increases
Fg fromapproximately4150to 6250poundsor anincreasein Fg by a
factorofonly1.5. Ingeneral,thepercentincreasein Fg corre~
spendingto anincreasein ~ ismuchlessthanthepercentincrease
in WI particularlyinthelowestrangeof Vvo sndhighestrangeof
KL,where Fg remainsnearlyconstant.
At thehighestvaluesof Vvo andlowestvaluesof KL,becauseof
theeffectsoftirebottoming,an increasein WT by a factorof2
resultedinanincreasein Fg by nearlythesamefactor.h figures7(a)
and7(b)itisof interesto notethatatthehighestvaluesof VVO
theslopeofeachcurvefollowingthetransitionfromthepneumatic-tire-
and-oleoshockabsorberto thehard-tire-and-oleoshockabsorberis
approximatelythesameastheslopeofthecurvesbelowthetire-bottoming
boundary. Becauseofthelackofdatainthetransitionregion,the
fairingofthedashedpartofthecurvesis somewhatarbitrary.
Figure8 showsthat ng decreasesquiterapidlywith WT formost
oftherangeof Vvo and KL investigated.Thisdecreasewouldbe
expectedsinceitwaspreviouslynotedthatoverthesamerangeoftest
conditionsthepercentincreasein
‘f3wasnotsogreatasthecorre-
spondingpercentincreasein Wr. Inthetire-bottomingregionthe
transitionfroma pneumatictireto a hardtireisagainnotedby the
abruptincreaseintheslopeofthecurvesinfigures8(a)and8(b)at
11feetpersecond.Followingthetransition)g aga~ decre~eswith
furtherincreasesin WT;
Thecurvesof figure9 showthat “fu/gdecreasesquiterapidly
with WT formostoftherangeof Vvo and KL investigated.As
wouldbe expected,thevariationsin Yu/g areseentobe similarto
thoseshownby thecurvesoffigure8 for ng;however,becaweofthe
combinedeffectsof droppingweightandliftforce,ng iseithergreater
or smallerthan Yu/g dependinguponthemagnitudeofthedifference
betweentheweightandliftforce.
Since,ingeneral,valuesof “y~/gweremuchgreaterforthe
lighterdroppingweights,theresultsindicatethat,ifan aircraftis
designedonlyfora msximum-or gross-weightcondition)critic~loati
inattachmentsforconcentratedweightsuchas enginemountsmayoccur
duringlandingsmadeina light-weightcondition,eventhoughthese
attachmentsmaybe satisfactoryfortheheavy-weightcondition.
.. t
.. —
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SUMMARYOFRESULTS
“An investigationhasbeenmadeto determinetheeffectsof lift
forceandweightontheloadsdevelopedina smalllandingearduring
verticalimpactscoveringa rangeofverticalcontactvelocities.
Thedatashowthat,ingeneral,formostoftherangeoftest
conditions,an increaseintheliftfactoreduced.thelanding-gearload
by anamountwhichwasroughlyequaltotheappliedliftforce.As a
result,variationsinliftforcehadonlya slighteffecton themsxi-
mumaccelerationsoftheuppermass. At thehighestverticalcontact
velocitiesandforliftfactorslessthan1.0,however,tirebottoming
occurredandchangesinliftforcewereaccompaniedby muchlarger
differencesinlanding-gesrload.
An increaseinweightresultedinan increaseinthemaximum
landing-gearloadwhichwasnotproportionatelysolargeasthe
increaseintheweight.Thisrelationshipwasindicatedbytherapid
decreaseinlanding-gearloadfactorwithincreasingweight.Themaxi-
mumupper-massaccelerationaswellasthelanding-gearloadfactorwas
muchhigherforthelighterweights.Thisresultindicatesthataircraft
mayexperiencecriticaloadsinattachmentsforconcentratedmassesin
landingsmadeunderlight-weightconditions.
LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics
LangleyField,Vs.,November14,1951
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IANDIHG-GEARSPECIFICATIONS
Air-supportingarea,sq h. . . . . . 8.30
Oil-supportingarea,sq in. . . . . . 6.78
Airvolume- extended,cu h . . . . 61.26
stroke,~,ti . ........ 7;
static~sion, in......... 11
z
Fluidspecification. . . . . . AN-WJ3-33&
Fluidvolume,cu in. . . . . . . . . =3strutinclinationb vertical,deg. . 0
Tirecliameterjh...... . . . . 27
Tiretype.....tioth-contour(typeI),
nonskidtreh~
Tirepressure,lb/sqin. ...... 32
Landing-gearweight,lb ....... 123
Unsprungweight,lb ......... 131
Strutairpressure,P, lb/sqin. . .
IiT Pti=ded P~titic
2yo 43.5 2S5.3
Znco 34.3 225.3
Iyo ~.; 165.0
1ooo. M4.8
I
Figure2.-LandingeartestedinLangley@act basin.
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(a) WT = 2500pounds.
Figure3.- Variationof landing-gearloadandlanding-gearloadfactor
withverticalvelocity.
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(d) UT = 1000pounds.
Figure3.- Concluded.
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